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It i s  shown t h a t  abor t  i s  possible,  neglecting non-two-body forces ,  
from any r a d i a l  dis tance from t h e  e a r t h  t o  t h e  lunar  sphere of influence,  
from a given nominal t rans lunar  t r a j e c t o r y .  
i s  about 36,000 f e e t  per  second, abort  i s  poss ib le  i f  a minimum of 3000 f e e t  
per secondaV capabi!.ity i s  on board- t h e  spacecraf t .  
b o l i c  abor t  r e t u r n s  requireAV capa,bi l i t ies  i n  excess of 7500 f e e t  per  
second and per igee v e l o c i t i e s  g r e a t e r  than 36,451 f e e t  per  sL acond. 

If t h e  r e t u r n  per igee v e l o c i t y  

Parabolic and h-yper- 

INTRODUCTION 

This paper w i l l  present  t h e  r e s u l t s  of a study made by t h e  Theoretical  
Mechanics Branch t o  inves t iga te  t h e  f u e l  requirements, r e t u r n  times, and 
reent ry  v e l o c i t i e s  icvolved i n  abort ing an Apollo mission during t h e  t r a n s -  
lmar  phase up to approximately t h e  sphere of inf luence of t h e  moon. The 
ana lys i s  presented ignores t h e  presence i n  space or" a l l  bodies except t h e  
ear th ,  which i s  assumed to be a homogenous sphere. The Ap0110 spacecraf t  
i s  assumed t o  be a body of negl ig ib le  mass. 
t o  a plane. 
nominal tra.nslu.nar t r a j e c t o r y .  

The a i a l y s i s  i s  a l s o  r e s t r i c t e d  
The author recognizes t h a t  t h e  r e s u l t s  a r e  v a l i d  only f o r  one 

AEALY SI S 

The q u a n t i t i e s  assumed to be s p e c i f i c  a t  t h e  i n i t i a l  time, t h a t  is, 
a t  abort  a r e  V t h e  ve loc i ty  of t h e  spacecraf t  with respect  to t h e  ear th;  

>'E, t h e  angle between V and t h e  l o c a l  horizontal ;  and c y  t h e  radial 

dis tance of t h e  spacecrafft from the  center or̂  the  eaivth. Also speci2i.T-d 
a r e  t h e  f i n a l  conditions f o r  t h e  r e t u r n  t r a j e c t o r y ,  V 

perigee and h t h e  per igee a l t i t u d e .  See f i g u r e  1. 

E9 

E 

t h e  v e l o c i t y  a t  
P' 

PY 

Given these  f i n a l  conditions, t h e  semi-major a x i s  and t h e  e c c e n t r i c i t y  
of t h e  r e t u r n  t r a j e c t o r y  a r e  immediately fcund t o  be, 
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1 = universal  gravi ta t ional-  const8:nt t i m e s  t he  mass of t h e  ea r th .  
where, /1 

R = rad ius  or" t h e  ea r th .  

The i n i t i a l  ve loc i ty  and f l i g h t  pa th  angle of t h e  transfer orbit 
are found from, 

The llV requi red  to i n i t i a t e  the abort  i s  found from 

_c_- -- - - . . . . . .- ~ 

The t i m e  from abor t  t o  per igee may be calculated from 
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where, E = cos [$ ( 1 -  -2y 

The r e t u r n  t r a j e c t o r y  i s  e i l i p t i c a l  i f  a > O  and i s  hyperbolic i f  a<O. 

The s ign of the  semimajor a x i s  depends upon t h e  spec i f ied  c p a n t i t l e s  V 

and 1.1 

chosen. , If @ is-  chosen to be pos i t ive ,  sketch la,  then t h e  r e t u r n  i s  

made t h o u g h  apogee, requir ing i n  general  moderateAV f o r  abort  but l a r g e  

r e t u r n  times. If i s  chosen t o  be negative, sketch lb ,  t h e  r e t u r n  

i s  d i r e c t  to perigee,  requir ing 1argeAV but s m a l l  r e t u r n  times. For 
V and- h such t h a t  a < O ,  t h e  s ign of yi can only be negative, s ince 

a p o s i t i v e  x' would probably r e s u l t  i n  escape. 

r e t u r n  from apogee and parabol ic  re turn ,  should now be discussed. 

P 
The s ign of 2.2 however., fila>- be as i s  evident from equation (1)" 

P 

P P 
%TO s p e c i a l  cases, 

The r e t u r n  Trom apogee case i s  of i n t e r e s t  s ince by specifying 

-zf: = 0 i n  (4 )  and solving f o r  V t h e  minimum poss ib le  value of t h e  perigee 
.L PY 
v e l o c i t y  i s  attained- f o r  a given radial dis tance from t h e  e a r t h  as shown 

i n  f i g u r e  l a .  Tnere i s  only one possible  combination o f n V  required f o r  

abort  and r e t u r n  t i m e ,  T i n  this case. 
P' 



The parabolic r e t v r n  i s  of i n t e r e s t  s ince it represents  t h e  boundary 

I n  the e l l i p t i c a l  case t i : o  between e l l i p t i c a l  arid hyperbolic r e  tmrns e 

combinations of bTT and T 

perigee ve loc i ty  and i n i t i a l  r a a u s ,  {thereas f o r  hyperbolic re turns  only one 

a r e  possible  f o r  each spec i f ied  value of 
P 

V and T combination i s  possible .  The parabol ic  retun? choice would be 
P 

very d i f f i c u l t  t o  atta,.in i n  p r a c t i c e  s ince e must be spec i f ied  as uni ty  and 

a as i n f i n i t y .  The time from abort to perigee i s ,  

The per igee v e l o c i t y  cannot be specified. for t h e  parabolic r e t u n ,  but 

must be calcu-lated from, 

t h e  r e t u r n  i s  e l l i p t i c .  

t h e  r e t u r n  i s  hyperbolic. 
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Scope of Calculations 

(6) vere used to calcu 3.te r e t u r n  t imes and. 

requirements f o r  abor t  from a number of pos i t i ons  on a t y p i c a l  t r ans -  

lunar t r a j e c t o r y ,  t abula ted  i n  Table I. T h i s  reference t r a j e c t o r y  w a s  

ca lcu la ted  from a numerical so lu t ion  of t h e  r e s t r i c t e d  three-body system 

(Earth-Moon-Spacecraft). 

which abor t s  a r e  i n i t i a t e d  va r i ed  from 8707 s t a t u t e  miles to 215,266 

s t a t u t e  miles,  or to about 10,000 miles in s ide  t h e  lunar  sphere of inf luence.  

The abort  per igee a l t i t u d e ,  h w a s  taken to be 50 s t a t u t e  miles and t h e  

per igee ve loc i ty ,  V 

The dis tances  from the center  of t h e  e a r t h  a,t 

P' 
w a s  var ied  from 32,000 to 40,000 f e e t  per  second. 

P' 

Discussion of Results 

Variation of t he  time from abort  t o  per igee with t h e  Q V or  ve loc i ty  

increment required to i n i t i a t e  t h e  abor t  i s  shown i n  f igu re  2. It i s  evident 

t h a t  f o r  radial  d is tances  up t o  0.7 of' t h e  average lunar distance abor t  

may occur with per igee v e l o c i t i e s  o f  l e s s  thsn  36,000 feet per  second, and 

furthermore t h i s  r e t u r n  may be d i r e c t  (-'f. ) or t k r o u g h  apogee (+>z ). 
For these  dis tances  re turn  may a l s o  occur from apogee or by parabol ic  and 

hyperbolic t r a j e c t o r i e s .  A s  expecked, abor t s  through apogee r equ i r e  less 

A V but g rea t e r  r e t u r n  t i m e s  than d i r e c t  abor t s .  

Abort i s  poss ib le  from any radial pos i t i on  provided t h a t  t h e  a V 

required f o r  t h e  abort  i s  ava i lab le  on board and t h e  r e tu rn  per igee velocit j ;  

i s  not so g rea t  t h a t  Problems with t h e  heat  s h i e l d  during r e e n t r y  to t h e  

e a r t h ' s  atmosphere a r e  encountered. 

f e e t  per  second i s  ava i lab le ,  abort  i s  poss ib le  up to t h e  lunar sphere of 

inf luence,  5 
per second. 

82 hours a t  a ra6ial pos i t i on  of 0.7 and about 14 hours at a radial d is tance  

of about 0.04. 

If a hV capab i l i t y  of a t  least  3,000 

= 0.85 with a r e t w i i  per igee ve loc i ty  of about 36,000 f e e t  

With t h i s  g V  capabi l i ty ,  t h e  maximum r e t u r n  t i m e  i s  about 

It should be noted from f i g u r e  2 t h a t  abort  r e tu rns  on 
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parabol ic  or hyperbolic t r a j ec t . o r i e s  from any radial d i s t m c e  requi re  JJ,V 

i n  excess of 750G f e e t  per  second and have per igee v e l o c i t i e s  i n  excess 

of 36,451 f e e t  per  second. 

R a d i a l  d i s tances  l a r g e r  than &bout 0.85 of t h e  lunar dis tance a r e  

beyond t h e  scope of t h e  two-body ana lys i s  presented i n  thFs paper. Abort 

from these  dis tances  may only be s tudied  by a mcre sophis t ica ted  ana lys i s  

t h a t  includes t h e  g r a v i t a t i o n a l  e f f e c t s  of t h e  moon and sun. 
r e s u l t s  a r e  v a l i d  only f o r  a p a r t i c u l a r  nominal t rans lunar  t r a j ec to ry ,  a 

more sophis t ica ted  treatment should a l s o  include the var i a t ion  of AV to 
abort ,  time to r e t u r n  to perigee,  and per igee ve loc i ty  with va r i a t ions  i n  

the  nominal t r a j e c t o r y .  

Since t h e  

Concluding Reaarks 

I n  general ,  abort  i s  possible  from a l l  r h d i a l  dis tances .  From any 

radial d is tance  short of t h e  lunar  sphere of influ-ence abort  i s  poss ib le  

with per igee ve loc i ty  of about 36,000 z'ps i f  a minimrn 'of' 3,000-Pe2t-per- 

Second ./iV i s  a,vailable on board t k e  spacecraf t  Parabolic and hyperbGl.ic 

r e tu rns  requi re  AV c a p a b i l i t i e s  of 7500.feet  per  second o r  g rea t e r  and. 

have per igee v e l o c i t i e s  g rea t e r  than 36,451 f e e t  per  second. 
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Time 
rom Inse r t io r  

KRS 

0.489 
1.011 

2.300 

6.211 

38.033 
62.211 

16.700 

Miles 

8,707 
14,653 
26, 732 
53,523 
102 , 013 
166,143 
215,266 

- Radius 
Fract ion of 

Lunar D i  s tance 
Froni Earth 

.Oh 

.06 

. I1 

.22 

* 43 
.70 
-90 

Fl igh t  Path 
Velocity, Y E >  
'E> fps 

24,3 58 
18,571. 
13,435 

E;, 981 
5,7'74 

2,630 
3,650 

133.62 
122.53 
1111.05 

107.72 
104.35 
103.48 
95.49 

T A B U  I: Reference Tra jec tory  From Which Aborts Were I n i t i a t e d .  



P N perigee 

A N apogee 

_I - - 
F i g u r e  l a  Abort f rom l u n o r  trajectory w i t h  r e t u r n  t h r o u g h  apogee 
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Figure I b  Abort from lunar trojectory with a direct re turn  
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Figure 2 Veloc i ty  increment to  init iate abort ,  i p s  
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